Abstract: Sexual size dimorphism (SSD) varies widely across and within species. The differential equilibrium model of SSD explains di-morphism as the evolutionary outcome of consistent differences in natural and sexual selection between the sexes. Here, we comprehensively examine a unique cross-continental reversal in SSD in the dung fly, Sepsis punctum. Using common garden labo-ratory experiments, we establish that SSD is male-biased in Europe and female-biased in North America. When estimating sexual (pairing success) and fecundity selection (clutch size of female partner) on males under three operational sex ratios (OSRs), we find that the intensity of sexual selection is significantly stronger in European versus North American populations, increasing with male body size and OSR in the former only. Fecundity selection on female body size also increases strongly with egg number and weakly with egg volume, however, equally on both continents. Finally, viability selection on body size in terms of intrinsic (physiological) adult life span in the laboratory is overall nil and does not vary significantly across all seven populations. Although it is impossible to prove causality, our results confirm the differential equilibrium model of SSD in that differences in sexual selection intensity account for the reversal in SSD in European versus North American populations, presumably mediating the ongoing speciation process in S. punctum. outcome of consistent differences in natural and sexual selection between the sexes. 29
sugar and water ad libitum. We monitored all 70 containers and more than 1300 171 individuals daily for adult mortality. Dead flies were removed every day, scored for(ii) Fecundity selection 175
To estimate fecundity selection, we randomly selected 30 -60 once mated females 176 of various body sizes from the stock lines, set them up individually in glass vials, 177 provided them with fresh dung and counted their first (and sometimes additionally 178 their second) clutch sizes, which is good proxy for life-time fecundity in the study 179 species (Puniamoorthy unpublished data). Since investment in offspring production 180 
Statistical Analysis 218
We used standardized regression methods to generate univariate linear selection 219 differentials to assess the intensity of adult viability, female fecundity and male 220 sexual and fecundity selection on (adult) body size (Lande and Arnold 1983; Arnold 221 and Wade 1984a,b). In general, for each population and replicate container wesample mean from each value and dividing the difference by the standard deviation: 224 The above procedure describes calculation of the selection differential estimates. 255
Significance testing, for all fitness components, was performed using the full models 256 including continent, population nested within continent, replicate nested within 257 population within continent (not applicable for female fecundity selection), and OSR 258 . This effect could largely be attributed to the 277 Austrian males and the New York population (both sexes); all other populations 278 showed no effect whatsoever of body size on adult longevity (Table 2; (Table 2 ). There were strong systematic differences between the sexes in 284 longevity (females living longer on average; F 1,1228 = 16.86, P < 0.001), some 285 unsystematic variation among populations (F 5,28 = 2.55, P = 0.050), but no significant 286 difference between the continents (F 1,28 = 0.04, P = 0.847; corresponding sex by 287 factor interactions also n.s.). Viability selection for body size consequently was 288 largely nil and did not vary systematically between the continents, the sexes, or the 289 populations (all corresponding factor by body size interactions P > 0.1, except the 290 three-way sex by population by body size interaction: F 5,1187 = 3.33, P = 0.005). 291
(ii) Fecundity selection 293
Larger females lay larger clutches in all populations (overall strong main effect of 294 body size: F 1,317 = 610.58, P < 0.0001; Table 2 We emphasize that while we were able to show an association between sexual 356 selection intensity and SSD (and probably mating system) evolution in accordance 357
with the differential equilibrium model, such evidence must remain correlational as 358
we cannot reconstruct the causality of evolutionary events. This is because 359 evolutionary shifts in mating behaviors and the mating system are expected to be 360 rapid and intimately associated with changes in sexual selection intensity, ultimately 361 affecting the evolution of body size and SSD (Ding and Blanckenhorn 2002). 362
363
We also emphasize that although we considered three major fitness components 364 (viability, fecundity, and sexual selection), comprehensive treatment of all relevant 365 aspects of selection affecting SSD evolution, let alone in the field, is virtually 366 impossible in any single species (Blanckenhorn 2000). In particular, we did not 367 assess juvenile viability selection on body size, which in animals with complex life 368 cycles such as insects is unattainable because larval and adult body size traits 369 cannot easily be compared and individuals that die before adulthood cannot be 370 (Table 1) . However, because the differences in 376 absolute time are small (Table 1) Table 2 : Univariate selection differentials (mean ± 95% CI) for adult viability selection (ß VS ), female fecundity selection (ß FS ), male sexual selection (ß SexS ) and male fecundity selection (ß mFS )
